, the mean area per cent of collagen fibres in groups III and IV increased 5 and 7 folds. Conclusions: Subchronic administration of GTE resulted in structural and functional affection of the rats' liver. The dose of 250 mg/kg/day seemed to be safe, while the doses of 500 mg/kg/day and 1000 mg/kg/day had deleterious effect being more evident in the latter dose. (Folia Morphol 2017; 76, 4: 642-649) 
INTRODUCTION
Tea is one of the most commonly consumed drinks in the world [9] . It is divided into oolong, black and green tea according to leaf treatment [18] .
Green tea is prepared by steaming immediately after gathering [24] . About 10% of the dry weight of green tea is made up of catechins (polyphenols) mainly epicatechin, epicatechin-3-gallate, Address for correspondence: Dr. S.M. Zaki, Faculty of Medicine, Cairo University, El-Kasr Al Aini Street, Cairo, Egypt, e-mail: zaky.sherif@yahoo.com epigallocatechin, and epigallocatechin-3-gallate (EGCG) [9] .
Widespread studies have proposed that green tea and green tea polyphenols have preventive effects against cancer, diabetes, heart disease, lung damages and neurodegenerative diseases [11] . Its preventive effects on the accumulation of visceral fat had been reported [1] .
The potential toxicity of green tea when administered at high doses has not been fully investigated [12] . The excessive use of green tea supplements has led to clinical cases of hepatotoxicity [24] . A case of acute liver failure linked to green tea extract (GTE) was reported from Canada [18] . Thirteen hepatic failure cases were reported (1999) (2000) (2001) (2002) (2003) by the French and Spanish systems following the use of a licensed herbal medicinal product containing 80% GTE called Exolise ® [2] . The United States Pharmacopeia subsequently reviewed the safety information for green tea products. A total number of 34 reports of liver damage were found, ranging from acute hepatitis to fulminant liver failure, following the excessive use of multiple GTE preparations [24] . In one recent study, 6/1091cases liver injury developed following administration of a GTE product called SLIMQUICK ® [30] . SLIMQUICK products can lead to severe acute hepatocellular liver injury, which required or may require transplantation [30] .
There are conflicting reports on the effects of GTE on the liver in animals. Some studies failed to show any adverse hepatic effects following administration of green tea to mice, rats, and dogs [2] . Others [15] reported severe hepatic necrosis, resulting in death; in female Swiss-Webster mice administered EGCG [10] .
Toxicologists usually divide the exposure of animals to chemicals into four categories: acute, subacute, subchronic and chronic. Acute exposure is exposure for less than 24 h. Subacute exposure refers to repeated exposure for 1 month or less, subchronic for 1-3 months and chronic for more than 3 months [13] .
The present study is a long-term study conducted to examine the subchronic toxicity of GTE on the liver of the adult male albino rats. The liver was subjected to histological, morphometric and ultrastructural study. The morphometric studies were done using the image analyser. Clinical chemistry study of the liver function was also done through measuring the serum-enzymatic level.
MATERIALS AND METHODS

Chemicals
The GTE was made by soaking 15 g of instant green tea powder in 1 L of boiling distilled water for 5 min [17] . The GTE was given by gastric gavage 5 days/week for 12 weeks. This duration period is the required time to obtain information in the subchronic toxicity study [13] .
Animals
Forty adult male albino Westar rats weighing 150--200 g were used in the present study. The rats were obtained from the animal house, Faculty of Medicine, Cairo University, Egypt. The animals were exposed to a light/dark cycle at 14:10 h photo cycle at 22-24°C with a free access to food and water. The animals were cared for in accordance with the institutional ethical guidelines and protocols approved by the Experimental Ethics Committee of Cairo University.
Experimental design
The weights of each individual animal were recorded in the beginning and at week intervals until the end of the experiment. The rats were divided into four groups, 10 rats each. Ten rats per dose and three to four different dosages of the chemical to the animals are the required regimen in a typical protocol [13] . -Group I (normal control); -Group II (low-dose green tea) -GTE was given at a dose of 250 mg/kg/day; -Group III (medium-dose green tea) -GTE was given at a dose of 500 mg/kg/day; -Group IV (high-dose green tea) -GTE was given at a dose of 1000 mg/kg/day.
Blood sampling
The animals were sacrificed by cervical dislocation to avoid any chemical injury [4] . Blood samples were collected from tail vein at the beginning of the experiment and immediately before dissection. The biochemical analysis included gamma-glutamyl transferase (GGT), total protein and serum albumin. The blood analysis was done at the laboratory unit of the Biochemistry Department, Faculty of Medicine, Cairo University, Egypt.
Light microscopic examination
Liver specimens were in 10% formol saline, processed for paraffin sections of 5-7 µm thickness and mounted on glass slides for histopathological examination. They were stained with haematoxylin and eosin (H&E) stain to study the changes in histological architecture and Masson's trichrome stain to demonstrate the collagen fibres.
Electron microscopic examination
Specimens from the liver were fixed in 4% glutaraldehyde then washed in phosphate buffer and post fixed in 1% osmium tetraoxide. Fixation was followed by dehydration and embedding in epoxy resins. Semithin sections (1 µm) were stained with toluidine blue. Ultrathin sections (50-60 nm) were stained with uranyl acetate and lead citrate. These sections were examined and photographed using a Joel, 100 CX II transmission electron microscope.
Histomorphometric studies
Quantitative data were obtained using "Leica Qwin 500 C" image analyser computer system Ltd. (Cambridge, England). The area per cent of collagen fibres was measured.
Statistical analysis
Statistical analysis was performed using statistical package for the social sciences (SPSS) version 21.0 (IBM Corporation, Somers, NY, USA) statistical software. The data were expressed as means ± standard deviation (SD). Statistical evaluation was done using one-way analysis of variance (ANOVA) followed by Bonferroni pairwise comparisons. Significance was considered when p value was less than 0.05. The percentages of increase or decrease (difference) in all studied parameters were calculated according to the following formula:
RESULTS
Histological and ultrastructural observation
The liver of the control group showed normal histological architecture around the central vein (Fig. 1A) . Mild changes were observed in group II (Fig. 1B) . In contrary, severe changes were observed in groups III and IV. The central veins and hepatic sinusoids were congested. Degeneration of the hepatocytes in the form of cytoplasmic vacuolations and nuclear pyknosis were also noticed (Fig. 1C, D) .
The portal area of the control rat showed normal histological pattern ( Fig. 2A) . The portal veins were dilated with irregular intact endothelium in group II (Fig. 2B ). The portal veins were congested, the bile ducts were dilated, the hepatic arteries are thickened with the presence of cellular infiltration in groups III and IV (Fig. 2C, D) .
The collagen fibres increased slightly in the rat's group II, while these fibres increased obviously in the rat's groups III and IV. These changes observed around the central veins (Fig. 3) and in the portal areas around the portal veins, bile ductules and hepatic arteries (Fig. 4) .
Mild degenerative changes were observed in the hepatocytes in rat's group II; the cytoplasm showed rarefaction and vacuolations. Some mitochondria were ruptured. The blood sinusoids were congested, BrowiczKupffer cells engulfed dead cells and the bile canaliculi were dilated. Beside these changes, the rough endoplasmic retinaculum was fragmented in group III. More degenerative changes were observed in group IV; the hepatic architectures were lost with disruption of cell membranes. Most of the cell organelles were degenerated and most of mitochondria were ballooned. The blood sinusoids were filled with blood and exudate (Figs. 5, 6 ).
Biochemical results (Tables 1, 2)
Results revealed non-significant difference in serum albumin and GGT levels among the different studied groups. The total serum protein values in groups II, III and IV showed a statistically significant decrease (12%, 20% and 21%, respectively) as compared to that of the control group. The protein value of group III decreased 8% as compared to that of the group II.
Morphometric measurements (Tables 1, 3, 4)
The mean area per cent of collagen fibres in group III increased about 5 folds as compared to that of the control groups. In addition, the area per cent of fibrosis in group IV increased about 7 folds as compared to that of the control group and about 1.5-fold as compared to that of group II. 
DISCUSSION
There were no signs of morbidity or mortality noticed all over the studied groups. These results matched the results of many authors [3, 12] . In contrary, some authors reported 60% premature mortality of the animals in their study [23] , while others reported 12% mortality in their study [5] .
Functional affection of the liver in our study was observed at different doses. The total protein and serum albumin levels (g/dL) were the more relevant biochemical parameters. These results match with the results of other researchers [3] . The increase in GGT levels was only significant in group VI. Mazzanti et al. (2015) found abrupt elevation in GGT levels up to 394 U/L [16] . Our different experimental groups exhibited variable degrees of hepatic affection. This could be attributed to the oxidative stress induced by the GTE [15] .
In our study, necrotic changes of hepatocytes were more prominent in group IV. The necrotic hepatocytes started in the portal area then extended to the centrilobular region. This centrilobular to pan-lobular necrosis pattern matched the findings of others [3, 5] .
Congestion of sinusoids, central and portal veins, with prominence of Browicz-Kupffer cells started to appear in groups III and IV. All these lesions didn't reflect severe liver injury [22] . The portal congestion may be result of swollen periportal cells that compress the adjacent sinusoids and resist blood passage within the sinusoids, causing back-pressure on the portal vein radicles [26] . The portal tract region showed areas of cellular infiltrations in group IV. This infiltration indicates the immune response of the body towards the cellular damage [21] .
Bile duct proliferation was also noticed in group IV. Bile duct proliferation is associated with hepatic injury [28] . The increased biliary pressure is the initiating factor in the bile duct cell division [28] . The bile ductules in the portal tracts contained progenitor cells that had a higher capability to proliferate and could give rise to hepatocytes or biliary cells [25] .
Fibrotic changes were observed in the portal region and the wall of blood sinusoids in groups III and IV. The activated portal fibroblasts, Ito cells and myofibroblasts had been recognised as major collagen--producing cells in the injured liver [27] . These cells could be activated by fibrogenic cytokines secreted by the biliary cells in response to irritation by toxins [27] .
Cytoplasmic vacuolations are present in GTE-studied groups, being more prominent in group IV. These vacuolations could be due to accumulation of water inside the intoxicated cells [29] . The vacuolations could be fat globules pushing the nuclei peripherally, giving a signet-ring appearance in the light microscopic study and exhibiting cores of low electron density with electron lucent outlines in the ultrastructural study [8] . Lipid droplets are dynamically regulated organelles that serve as energy resources and lipid storage compartments. So, accumulation of fat droplets in hepatocytes of the intoxicated rats could be a compensatory mechanism by which the cells try to preserve some energy after destruction of the mitochondria [14] .
The nuclei of the hepatocytes in group IV showed loss of the nucleoli, with marked reduction of the chromatin content and peripheral condensation of the chromatin. The nucleoli are the most sensitive parts of the nuclei, and the first parts to deteriorate under different forms of stress [20] .
The perisinusoidal Ito cells in group IV were devoid of fat droplets, which indicated that these cells have lost their function as fat-storing cells. The Ito cells in our study were elongated and adopted fibroblast-like configuration, with deposition of collagen in the adjacent area. This finding supported many studies that reported that after liver injury of any cause, Ito cells are transformed from a quiescent fat-storing state into activated cells which could produce extracellular matrix proteins, such as collagen and proteoglycan [6, 7] .
The aetiology of the hepatotoxicity induced by GTE is still unknown. However, the catechins and their gallic acid esters, predominantly EGCG seemed to be the components responsible for the hepatotoxicity [16] . EGCG's major cytotoxic mechanism is mitochondrial membrane potential collapse and reactive oxygen species formation [9] .
Average consumption of green tea (2-3 times per day) appears safe [24] . Moderate drinking of green tea is not the cause of concern; it is the tablet/capsular form of the pure EGCG or the GTE products that have risen up questions about its safety [19] .
CONCLUSIONS
In conclusion, it was found that subchronic administration of GTE in albino rats resulted in structural and functional affection of the liver. The dose of 250 mg/kg/day seemed to be safe, while the doses of 500 mg/kg/day and 1000 mg/kg/day had deleterious effect being more evident in the latter dose.
Recommendation: the average consumption of green tea in the form of aqueous solution appears to be harmless as it takes at least 3 cups of green tea/ day, providing a minimum of 250 mg/day catechins. On the other hand, consumption of concentrated GTE in the form of tablets may lead to hepatotoxicity in high doses.
